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REACTION SCHEME 2 
COpH ~ H0 2 C 

\ 

+ (4) + 



NHMe 



NH2 
O O 





H 2 N 
NHMe MeHN 

+ 



0 




XH 



NH2 H 2 N 
Eormulo 7 



NH2 



(5) 



FIG. 1 

REACTION SCHEME 3 



C0 2 H 



NH2 
O 



+ H 2 N- (CH2 ) m ~ NHC0 2 ~ CH2EM 
(6) 




NH- (CH2 ) m - NHCO2 - CH2EM 

<» 

NH2 
O 



NH-(CH 2 ) m -NH 2 
(8) 




NH2 



FIG. 2 



Where EM represents 9-fluorenyi. t 
and m is on integer of 1-20 
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REACTION SCHEME 4 
0 



0 



MeHN 

(8) + H0 2 C-(CH 2 ) n ~C0 2 H+(8) — 





A/A/? W?/V 

H^ere X /'s o linker of formula: 

-NH-(CH 2 ) m NHC(0)(CH2) n C(0)NH(CH 2 ) m -NH- 

in which m and n are independently integers of 1-20 

FIG. 3 

REACTION SCHEME 5 



NHMe 



MeHN 



MeHN 



CO2H 



\ / 



NH2 
C0 2 H 



+ EMCH 2 -02C-NH(CH 2 ) m CHO 
(9) 



MeHN CO2H 
\ / 



N= CH-(CH 2 ) m _ f NHCO2CH2EM 
(10) 



NH-(CH 2 ) m NHCO2CH2EM 
01) 

in which m is on integer of 1-20, and FM is 9-fiuorenyi 

FIG. 4 
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RF ACTION SCHEME 6 
C0 2 R MeHN 



co 2 R 



MeHN 



MeHN 



NH-(CH 2 ) m NHC0 2 CH 2 FM 
(11a) 



NH-(CH 2 ) m NH 2 
(14) 



C0 2 R R0 2 c , 
+ H0 2 C-(CH 2 ) n -C0 2 H + 



NHMe 



NH-(CH 2 ) m NH 2 H 2 N-(CH 2 ) m NH 
04) I 

C0 2 H H0 2 c 



NHMe 



NH-(CH 2 ) m NHC(0)-(CH 2 ) n -C(0)NH-(CH 2 ) m NH 
Formula 1 

where R is a protecting group, such as an ester, m and n 
are as defined above, ond FM is 9-fluorenyi 



FIG. 5 
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MeHN 



REACTION SCHEME 7 



NH(CH 2 ) m NH 2 + H0 2 C-(CH 2 ) n - C0 2 EM 
(8) 

^NH 2 



0 



NH(CH 2 ) m NH-C(0)-(CH 2 ) n -C0 2 EM 




(22) NH 2 
0 



MeHN 



NH(CH 2 ) m NH-C(0)-(CH 2 ) n -C0 2 H 



(23) N "2 



FIG. 6 
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RE A C JWNSCHEME_8 



NH(CH 2 )m NHC(0)-(CH 2 )n-C0 2 H 



0 



(23) 



NH 2 




R R N (CH 2 )p H N 

H 2 N(CH 2 ) q HN 



0 



R 4 R 5 N(CH 2 ) p HN 




NH(CH 2 ) m NH-C(0)-(CH 2 ) n -C(0)NH(CH 2 ) q , 



NH 2 Formula 1 



HN 



NHMe 



07) 



NHMe 



FIG. 7 
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MeHN 



CO2H 



NH 2 
Me 



RF ACTION SCHEME 9 



FMNH(CH 2 ) m CHO 



FMHN(CH 2 ) rr ^- N - 



/ 

CO2H 



+ R 1 R 2 N(CH 2 ) p NH 2 



(24) NH 2 



Me 



FMHN(CH 2 )~ /V^ 



C0NH(CH 2 ) p NR' l R 2 



NH 2 



(25) 



Me 



H 2 N(CH 2 ) m —N 



C0 2 NH(CH 2 ) p NR 1 R 2 



NH 2 

(26) 

FIG. 8 
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CJ SUBS TI WENT 



FIG. 16 




SUM A TRIPTAN 
C5 SUBSTITUENT 
\ 

5 J 




ZOLMI TRIP TAN 



SUM ATRIP TAN 



H 

ZOLMI TRIPTAN 



FIG. 17 



SUMATRIPTAN BUILDING BLOCKS 



C3PhormocophoricBuilding Blocks 




OMs 




CSPhormacophoricBuilding Blocks 




PhO 




Phormocophoric Building Blocks that contain o Spacer 





J. C5 Substftuent 
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./V 



CJ ELECTROPHILE TO PROVIDE MULTIVAL0MER5 


OMs 









(a)CHClj, Pyridin 













1 
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y H 











[ CJ NUCLEOPHILE TO PROVIDE M UL ~TI VA L QMERS J 





X = -CH 2 Br (o)DCM, pyrdine 

X = -CHO (o)DCM, NoBH(OAc)j f AcOH 

X - -C0 2 H (o;D/C. DIPEA, DME 



Br. 



OHC 
H02C 



a 



Br 
CHO 



C02H 



FIG. 19 
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C5 FUNC TIONALIZA TION OF SUMATRIPTAN 



Electrophific Pharmacophore Monovolomer 



PhO. 



R 




H * 



(o) 




(o;omf < DIPFA < RT 



H 



H 



H 2 N 



HN ° 




NH 
I 

1 

HN 



Nucfeophllic Pharmacophore Monovolomer 



HN 



N- 




x-< >-x 

(a) 



H (o)NoH, DMF, RX 



— N 




X = -CH 2 Br 



FIG. 20 
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Introduction of Spacer To Faciliate Multivalomer Formation ~j 



CJ Sumatriptan Series 



OR 
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>< 
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y H 




C5 Sumatriptan Series 




R 


R 










H 


X H 



(a) 



(a) DIPEA. DCM, BrCH 2 C0 2 Et (b) LiOH. THF, H ? 0. (c) DIC. D1PEA, DMF 




FIG. 23 
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SITES FOR DIMERIZA TION 



Nitrogen Atom of Tropone Core Aromatic Ring Primary Hydroxy! 




Suitable, Pharmacophore Building Blocks 



Nitrogen Atom of Tropane Core 
Acid Series 




FIG. 25 
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Ipratropium Multivolomers 1 — Different points of Attachment 




n defines the valency of the multivolomer 
defines the framework core 
— distinguishes the differing points of attachment of ipratropium 

Br Br" 

HO^H^f^ r 0H 

o o. 
o a 





Br ~ X X * 



Br' 




Br 
+ 



^ 0 k3 0 yX N ' 

t — ® — t r 0H HQ H^f~^ 



0 




FIG. 26 
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Ipratropium Multivolomers 2- Alternative Framework Cores 



'Br 



+® o o • 

W Defines the different framework core 




FIG. 27 
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Ipratropium M ultivalomers 3- Alternative Framework Valency 
— <£) 




Tetromeric Series 




FIG. 28 



25/52 



Ipratropium Muitivolomers 4-Relotiv e Pharmacophore Orientation 



Br 



HO^ H 





<oy\ - — & 



-0J 



0 



O 



n defines the valency of the multivalomer 
O defines the framework core 

distinguishes the differing points of attachment of ipratropium 

Br 



* A/ 



J- 



A/" 
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0 
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* N' 



Br 



HO ....... 
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^ A/* 



,0 




0 





0 



FIG. 29 
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fa; 0JC, ^ CHCIj fa; P<//G H 2 ,EtOAc 



FIG. 30 
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IPRATROPIUM 2-N-Linked Multivafomers 



/. Reductive Aminotion/Quoternization 

TBSO^ h 
OH N 




7 <W raso^ « 

v*ju — " 

N 
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O 

( M 1 ^ ^ = w 4 



OHC 




H OTBS (?) 



Br' 
N // 

.0 



Br' 



N' 





H OH 



8 



0 



0 




0 



(a )DIC, DMF, DMF (b)Pd/C,H 2 .E(0AC (c)NoBH(OAc)j.CHCIj,AcOH 
(d)MeBr, CHCIj(e) TBAF, THF ^ g ^ 
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IPRATROPIUM 3-0-Linked Multivalomers 




(o)NoH.THF (b)MeBr.CHCIj, REFLUX 

FIG. 32 
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y4H RECEPTOR ANTAGONISTS 




LOSARTAN (Cozaar) VALSARTAN (Diovan) 

(Dupont Merck) (Novartis) 

FIG. 34 
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IRBESARTAN 
(Sanofl) 




C0 2 H 



EPROSARTAN (Teveton) 
(Smith KlineBeechom) 



HO2C 




CANDESARTAN (Atocond) 
( Tokedo) 




v NH 



FIG. 35 



TASOSARTAN (Verdio) 
(Wyerth-Ayerst) 




C0 2 H 



TELMISARTAN 
(Boehringer Ingelhiem) 
Phase III 



0=< 




RIPISAR TAN 
(Bristol Myers Squibb) 
Phase II 



Phase II 
CS-866 Sankyo 
DA- 727 Doiichi 
KRH-594 Wakunga 
LR-B/081 Lusofarmacc 
TAK-536 Takedo 
YM-358 Yamonouchi 



FIG. 36 




FIG. 38 
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Losor^on Multivolomers 1 -Differing Points of Attachment 




2. Aryl Linked Multivolomers 




FIG. 39 
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Lorsartan Multivalomers 2-Differing Valency of Multivalomer 







Tetromeric Series 





FIG. 40 
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/.orsor/on Multivalomers J- Differing Framework Building Blocks 




1. Afkyf Series 



2. Aromatic Series 



0 



3 H-bond donor 
H 



4 H bond occeptor 
O 

i > 



5 Basic 



V-A/ 




FIG. 41 
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Losorton Multivolomers 4 -Different Relative Connectivity 




LOS AR TAN (Cozoor) 






Losorton Muftivoiomers 5-Heterovolomers 




LOS AR TAN (Cozaor) VALSARTAN (Diovan) 



Heterovolomers 



<D — - — Q) - — Q> 




FIG. 43 
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@2 Adrenergic Drugs 



1. Rapid Onset Inhaled Drugs 
'OH H 

HO^^ 

Albuterol 
(Gloxo Wellcome) 



OH 



H 



OH 
Terbutoline 



2. Prolonged Duration of Action Inhaled Drugs 




H0 ' Solmeterol 

(Glaxo Wellcome) 



H^O 
HN 

HO 




Notes- 1 These drugs ore rocemates. 
Multivolomers will produce diostereomers 



OH H 
N 



Formoterol 
(Novartis) 



OMe 



FIG. 47 
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Albuterol MuHivalomers 



I. N atom 



HO 



OH 



M 



OH H 
N. 




M 



HO^^ 



HO 



2 Ethanolamine function 

OH H ° H 



J Phenyl Ring 
New substitution 



Phenolic Group 
OH H 



Benzyl Alcohol 
OH H 



HO 
HO 



M represents a site for the attachment of the monovalomer 
to the framework core. 



FIG. 48 
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7 Valency of Framework Building Block 



OH H N 

HO^ 
HO 




N^J^J H OH 




OH 
OH 



Dimenc Ligand 
HO, 
HO. 




NH 



OH /"A H OH 




Ho^r^r^ N ^ M ^- N ^^rir oh 





HO J rimer ic Ugands 0H 



2. Relative Orientation of Monovolomer Building Blocks 

OH H 



iO^^ ^ (J) 1 — HQ OH H 



HO' 

HO'"-*' 



OH H 
N 




J Mixed Multivoiomers Derived from Different £ 2 -agonists 

.OH 





0H zjCf»~^ NH 

HO^^ Albuterol/Formeterol CI 



-Q) 

OH H . ' /V ~ » 




FIG. 49 
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HO'^^ Albuterol ] /Clenbuteroi 
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Albuterol Multivalomers 2- Alternative Framework Cores 




FIG. 51 
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Albuterol -MuUivalomers 3-Allernative Framework Valency 

* . 




FIG. 52 



.1, ID O J.. 5 7 S s% ■ n O B> H E Iji 



49/52 

Albuterol MuMvalomers 4-Rdotive Pharmacophore Orientation 



Pharmacophore Orientation 



OH 



Albuterol 



OH H fY^N 





OH 
OH 



HO' ^ — — 



HO 
HO 



HO OH H 



HO 



OH H 
N 




HO 

FIG. 53 
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Albuterol Mullivolomers 5-Mixed /?2 Adrenergic Heterovo/omers 
Hetero valom ere 

— <D— - — ©— - — (D — - 




FIG. 54 
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0 fn-/, or >/; 



£n0 




reagents and conditions: 

i) HOBt, PyBOP. DIPEA, DMF. 
rt, 24h; 

ii) L1AIH4, THF t OV to 80'C; 
Hi) H 2 0 otm), 10% Pd/C, 

EtOH, rt, 24h 



HN" 



J X^O; R~Bn 
X 4. X=H2; R-Bn 
5 X=H2; R=H 



FIG, 55 



BnO 




> 
> 



HO?C 



FIG. 56 



OH OH H "x 
reagents and . { p ^ 0P QIPEA, DMF, rt. 24h; 
cond.t.ans: ' } mfr ^ (q ^ 

Si) H2O otm). 10% Pd/C, EtOH, rt, 24h. 
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A/Ho 




OH reoqents and conditions: 

i) 1,6-hexonedioic acid, DIPEA. HOBL PyBOP. DMF, rt. 

ii) TFA/CH 2 CI 2 . O'C. 

FIG. 57 




Me 
R — N 

0 % 




j j : R=Boc; X=0 ... 15: R=Boc; X=H2 
//( — - )« 
V J4 . R=H . x =0 W: R=H; X=H2 ^ 



reagents and conditions: 

i) terphothalic acid, DIPEA. 
HOB J, PyBOP, DMF, rt: 

ii) TFA/CH 2 CI 2 , O'C: 

m ua,h 4 . rnr. sov: ^ ^ 



